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Supplementary Text
Galactic Cosmic Rays. Galactic cosmic rays (GCRs) penetrating Titan's dense atmosphere produce secondary electrons. Here, energetic electrons (5 keV) were employed to mimic the secondary electrons formed in the track of GCRs, a validated approach to mimic the chemical processing of ices via GCRs (66). The dose transferred to the ice from each electron (D) in the experiment can be calculated via CASINO simulations by accounting for the initial energy of each electron (E i ), back scattered electron energy (E bs ), transmitted electron energy (E tr ), and the fraction of electrons that were back scattered or transmitted (f bs /f tr ) (table S3; 
The dose imparted by each electron on average was calculated to be 4000 eV electron -1 , and operating the electron gun at a current of 30 nA for 45 minutes generates 5.1 × 10 14 electrons;
resulting in a fluence of 2.0 × 10 18 eV cm -2 delivered to the acetylene ice as the substrate is 1 cm -2 . Several groups have calculated the GCR flux to Titan's surface resulting in a range of values from 6.2 × 10 8 -6.2 × 10 9 eV cm -2 s -1 (15, 36, 37) . Using the higher and lower bounds of these values the experimental fluence corresponds to 10.4 -104 years, respectively, of exposure time for acetylene ice on Titan's surface.
Yields.
In order to determine the yields of benzene, phenylacetylene, styrene, naphthalene, and phenanthrene a calibration factor for the ReTOF-MS signal must be obtained. First, calibration ices of pure methylacetylene (C 3 H 4 ; Organic Technologies, 99%), propene (C 3 H 6 ; Aldrich, ≥ 99%), 1,3-butadiene (C 4 H 6 ; Aldrich, ≥ 99%), and a mixed ice of 1% methylacetylene, 1%
propene, and 1% 1,3-butadiene in methane were deposited onto the substrate with thicknesses of 650 ± 50 nm measured via laser interferometry utilizing refractive indices of 1.38, 1.32, 1.39 for methylacetylene, propene, and 1,3-butadiene, respectively. The thickness for each ice layer and the corresponding densities (ρ methylacetylene = 0.89 g cm -3 , ρ propene = 0.80 g cm -3 , ρ 1,3-butadiene = 0.97 g cm -3 ) (67) were then used to determine the number of molecules present in each calibration ice via a modified Beer-Lambert relationship (68). Next, by monitoring these calibration hydrocarbons during sublimation via PI-ReTOF-MS (PI = 10.49 eV) the number of integrated counts (A ReTOF ), corrected for flux (F) and the photoionization cross section (σ) from each molecule can be correlated to the number of molecules of each hydrocarbon determined to be in the ice (γ), which results in a PI-ReTOF-MS calibration factor (α) of (2.71 ± 0.76) × 10 12 molecules cm 2 integrated counts -1 (69) (equation
Using this PI-ReTOF-MS calibration factor and knowing the amount of energy deposited into the ice (2.0 × 10 18 eV cm -2 ) allows for the yield (molecules eV -1 ) of individual molecules to be determined from only PI-ReTOF-MS counts (table S4) . For example, the yield of benzene can be calculated by rearranging equation [2] to solve for the number of benzene molecules (γ benzene ) produced from the irradiated acetylene ice. Since the ion signal for m/z = 78 from the 1+1 REMPI experiment at λ = 258.994 nm is only due to benzene this signal can be scaled to the same intensity as the m/z = 78 signal detected from the SPI experiment at 10.49 eV; this signal was integrated to determine the number of counts due to benzene (A ReTOF-benzene ) as the photoionization cross section (σ benzene ) has been determined at 10.49 eV to be 30 ± 6 Mb (70-74).
Applying the PI-ReTOF-MS calibration factor (α = (2.71 ± 0.76) × 10 12 molecules cm 2 counts -1 ), the sublimation peak area (A ReTOF-benzene = (9.25 ± 1.85) × 10 4 counts), and correcting for differences in flux (F = 0.9) equation [2] determined the yield of benzene to be γ benzene = (3.72 ± 1.28) × 10 -3 molecules eV -1 . This procedure was repeated for each of the molecules isomerspecifically identified from the REMPI experiments calculating yields of 4.66 ± 1.63 × 10 -4 , 2.74 ± 0.96 × 10 -4 , 1.58 ± 0.55 × 10 -4 , and 1.18 ± 0.41 × 10 -5 molecules eV -1 for phenylacetylene, styrene, naphthalene, and phenanthrene, respectively (table S4) .
Higher Molecular Weight PAHs. The 1+1 REMPI experiment at λ = 258.994 nm was designed to isomer-specifically detect if benzene was produced in the acetylene irradiated ice, but ion signals up to m/z = 260 were also detected ( C 20 H 20 Diethyldimethylphenanthrene, Dimethylphenyldimethylnaphthalene Notes: *italics represent weakly detected ion signal. Table S3 . Data applied to calculate the irradiation dose per molecule in C 2 H 2 and C 2 D 2 ices. S1 . Deuterated acetylene ice spectra before (black) and after (red) processing with energetic electrons. FTIR spectra from 500-4500 cm -1 with PAH related features identified with * (table S2) .
Fig. S2
. Temporal profile of the FTIR band at 3030 cm -1 during irradiation and TPD. Analysis of the 3030 cm -1 feature shows that it only increases in intensity during irradiation and only decreases during TPD corresponding to different possible contributor's sublimation events such as vinylacetylene (blue) and benzene (red). The error bars indicate 10 % (SD). Fig. S3 . Temperature-dependent SPI-ReTOF-MS (PI = 10.49 eV) data of the subliming molecules from unirradiated acetylene ice. Three ion signals displayed an intensity slightly above the baseline, but none of these ion counts were connected to mass-to-charge ratios corresponding to benzene, phenylacetylene, styrene, naphthalene, or phenanthrene. Fig. S4 . REMPI-ReTOF-MS spectra versus temperature for carbon monoxide subliming from the substrate used as a calibration compound to confirm the REMPI capabilities of the system. The inset displays the initial scan from 230.00-230.15 nm recorded during sublimation from 38-40 K to determine the wavelength at which the resonance enhanced ionization of carbon monoxide was at a maximum value (λ = 230.085 nm). 
